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I. INTRODUCTION 

The principal objective of the research supported by this grant was 
the growth of high quality single crystals of CaO, Sr0, and BaO. The program 
undertaken to accomplish this was pursued in four parts: (1) Purification, 
(2) Chemical Characterization, (3) Crystal Growth and Improvement, and 
(4) Physical Characterization. Initially eeckk of the four parts could be 
pursued almost independently; finally falling into sequence with the production 
of crystals of assessed quality. During this grant some progress has been 
made in each of the four parts. The purification and chemical characterization 
is almost complete. Only very limited success has been achieved in the 
crystal growth section and the physical characterization has progressed to 
the point of assembling and checking the conductivity apparatus. The various 
other apparatus required for study of physical properties was already available 
at Oregon State University. 

In the following sections of this report each of the four parts will 
be discussed briefly. 


11. PURIFICATION 
Chemical purification procedures have been developed for BaO, SrO and 
CaO. These produce relatively clean oxides for initial crystal growth 
studies. 
The izpurity problem has been most extensively examincd for CaO. In 


general, previous vork (2981657849) shoves that one of the major sources of 
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impurities in the alkaline earth oxides is the cross contamination by 
other members of the group. In addition, contamination from the transition 
metals, i.e., Fe, Mn, Al, Cu, and Ni, and, almost universally from Si, 
has been found. This list should not be considered as exhaustive because 
in most cases the analytical techniques and detection limits were not 
indicated, so that there are obviously possibilities of impurities being 
present for which no analysis was attempted or which were present in amounts 
below the detection limit of the techniques used. In addition, the amounts 
of each impurity present vary widely, from a few ppm up to several tenths 
weight per cent, depending upon the source of the material. 

Therc have been several different attacks on the problem of obtaining 


(10) 


pure alkaline earth oxides. Ewles and Lee prepared pure CaO for 


luminescence work by dissolving analytical reagent grade Caco, in doubly 
distilled HNO,, followed by repeated treatment of the solution with 


ammonium sulfide solution then filtration to precipitate and remove the 


heavy metal impurities. The Ca(NO3), was thermally decomposed to Cad. dambino! >) 


prepared Sr0 by precipitation SrC,0, from a hot solution of Sr(NO3), using 


(NH, ),C,0, as the precipitating agent. The oxide was again obtained by 
42°24 


thermal decomposition of the oxalate. Sproull, Dash, Tyler, and Moore!) 


prepared the oxide by thermal deconposition of C. P. Rac. Phillips, Nelson, 
(2) (12) 


and Kraus’ ‘, and Phillips, Kraus, and Carlson » separated mixtures of 


the alkali and the alkaline earth fons into various components using Zirconium 
molybdate or Zirconiua phosphate jon exchange resins. The vork of the last 
two groups vas not, hovever, complete in terns of providing a rethod of 


purifying the a))aline carths. Finally, Iynch and Lanter 3) prepared Rad 
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by the thermal decomposition of the hydroxide. 

After considering all the purification processes used previously, 
the use of ion exchange resins was rejected because the system does not 
provide a complete, unified method for parifvine the alkaline earths. 
Decomposition of the hydroxides, as used for preparing BaO by Lynch and 


Lander ‘3) was considered unsatisfactory because the hydroxides only decompose 


at clevatec temperatures and melt before decomposition!?3+P248 514 ,pphBl-85, 


496-497 ,606-607 ) the highly caustic nature of the melt greatly increasing 
the possibility of contamination from the decomposition container. There 

is some evidence that Ba(OH)., at least, doesn't completely decompose even 

at high teigereturas’2>° 765-766) | Further, additional problems arise in 
the handling and storage of the hydroxides. Attempts in this lab to decompose 
Ba(NO,), led to similar probleus, i.e., melting and incomplete decomposition, 
so were discontinued. Thercfore, the methods of purification developed have 


(10) 


been based, in general, uyon the vork of Evles and Lee » with the 


carbonates being chosen for dccomposition to the oxides, as suggested by 
Sprout, et. a"), The carbonates vere chosen since they are relatively 
insoluble and casy to precipitate out of solution, can be readily éricd, and 
are not dcliquescent or caustic ro that storage and handling are no problen. 
Also, they are susceptible to thernal decomposition, vith the ease of 


decomposition depending upon the alkaline earth! 26>P316514 ,pp253-254) | 


1. Purification 
Two general proceduree for purification have teen developed and vil) 


be ecseribed fn Acte!] below, The procedures $225 icrolve precipitation of 
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the heavy metals as sulfides or hydroxides from a solution of a soluble 
alkaline earth salt by the addition of (mH, ),8 solution, followed by 
filtration to remove the precipitate. After the excess (mH, )28 is destroyed, 
the salt is fractionally recrystallized at least once to remove impurities 
which do not form insoluble sulfides or oxides, such as the alkali metals 
end the other alkaline earth mctals. The alkaline earth salt is then 
redissolved and converted to the carbonate ty making the solution basic 
with 154 mM, and then bubbling co, through it. This process is essentially 
a precipitation from homogeneous solution (See any recent quantitative 
analysis book, such as (12,ppl36-141). As such, it provides a further step 
in purification, elving = precipitate vith fever occlusions end less 
co-precipitation of impuritice. In addition, as vhall be seen belov, this 
typo of process can ellov more careful control of the purity of the reagents 
added, than if, say, (mH, ),00, solution itself vas made up from the e0)1é 
salt. 


2. Starting Nateriale 
The etarting watoriele presently veed are noterately ecoluble salts of 


the albaline carlia vhich contain ae fev vatere of botration as peesibie, 
since the vsters of bydration teed lo interfere vith cltetateg Good Srect fees) 
reeryetallizations. The salle ceed are: tarlum acetate, strenmiten atirete, 
ond eslciun acetate. Al) natersale are Pengret Crate. The trent of nateria) 
nay wary for each elbaline earth ead fren etch Uo ticteh ef Ue eterticg 
materiel, degerding em Whe eeaigzes. However, Pater & Abeeten Beegent Crate 


seems geverally eallable. Pe poted wp Ue fect tad feeent Spat 
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can indeed vary in impurity content, the annlyses of Mallinckrodt and Baker & 
Adamson Keagent Grade barium acetate can be compared (See analytical results). 
Obviously, the Mallinckrodt salt has a much higher strontium contamination 
level, and is in fact unsuiteble for the preparation of pure BaC0, due to the 
high strontium content in the carbonate. Each of the salts listed above 

will recrystellize from a hot, concentrated aqueous solution as either the 
anhy“rous sait, or as in the case of Ca(C3H,0,). as the Aihydrate (27 LoPP30%, 
615-618, 11 pp)509-1521) 

The other reagents used in the process are: (mH, ) 8 solution, 
Mallinckrodt Analytical Reagent Grade; 15 = mM. Reagent Grade; CO,» C.P. or 
Commercial Grace, vhich is 99.5% pure, the main impurities being HA0, 0,, 
and Boe which do not interfere vith the process. In one of the procedures, 
ox MNO, ie required. This is profuced by diluting Reagent Grade 16% m0, 
with 4e-icaized H,0. In aG4ition, Reagent Crede 10¢ EwO, fe aleo uscd iteell. 
All H,0 weed in the procedures ie éc-ionized K,0. 

The neat step to ingrore the purity of Use carbonates vil) te to 
protece cur ove (28, ),8 solution ont 35 % BY. Tht Mall inchrodt (aa) 8 
solution apparently contaios come polyewlfite eo Usa ugen decomposition of 
the enress (aa) F. ® ewlfwr precipitate fe obtatmed, which fe very fine 
eed Sif ficwit to Filer ewt. Leonel prodection of the (2, ),f selution wil} 
66 away with Ue poigenifide protien. The ol lrepure a al will be ured it 
Ue production of ide Cain, DF soliton amt ba Ue sartemete preetyt tet tes. 
Wort Bas efrenty conmrriret Le pends Uete tee reageni«. 


3. Apparatus 
Most of the purification process requires only standard laboratory 


glassware. Certain steps do, however, require more specialized apparatus. 
All filtrations done to remove solid impirities, use Millipore filters. 
The filters are mixed esters of cellulose; the filters are plain, white 
vith a diamcter of 47 mm and a mean pore size of 0.h5y + 0.02. If there 
are large amounts of precipitate, a Microfiber Glass Prefilter 35 mm in 
Giameter and 0.035 in. thick is used ahead of the millipore filter. A 
peir of teflon coated tweezers is used to handle the filters and prefilters 
in order to prevent contamination. The filter holder is a standard Pyrex 
filter holder modified by adding the female portion of a 55/50 Standard 
Taper joint and a short sidearm for making a connection to the house vacuum. 
The filter holder fite on top of 2000 ml. thick-walled Erlenmeyer flaskec 
which are topped vith the male portion of 55/50 Standard Taper joints. Teflon 
eleevee are used on the joints to prevent any contazination from erease. 
Ths setup allove the scuctien fltrations to be done rapidly, efficiently, 
ect cleanly. Cage have tleo teen rade for the fincks, again from the ferale 
portions of Ube Joinirc. Ther, If the procedure murt be interrupted, the 
colutions ean be eavel> clored without ony fear of outelde contenination. 

All Fillrations Inrolying a eolld proéuct thet is to te seved are 
Gore watee Pyrex hechows fwnreie. 

teally, @ fyres woot Tiller fe pleced In the Co, line to trop any 


oot or Viquit tngaritios which may be preeent. So far, there has been no 


bettioniter of ¢ iogertites ef the pintere, even rer eoveral ronthe ure. 
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A gas dispersion tube is used to introduce the co, into the solution in order 


to break up the gas bubbles and provide more surface area for reaction. 


4. Procedures = 
Outlines of the detailed purification procedures follow, along with 


comments on certain aspects of the purification. 


5. General Acid Prep. 


This prep. makes use of a precipitation of the alkaline earth 
nitrate from a nitric acid solution, followed by a single fractional recrystall- 
ization of the nitrate as the means of removing impurities not precipitated 
out by the (NH, ),8. The prep. was originally designed specifically for 
the production of BaC0,. Later, it was modified to the form below so that 
it is possible to produce SrC0, by this process. The process is unsuitable 
for making CaCO, due to the extremely high solubility of Ca(NO,),. The prep. 
can be outlined as follows: 


(1) Dissolve a suitable sult in de-ionized H,0 (Use Ba(C,H,0,), or Sr(NO,)5). 
Add (NH,),8 solution and heat to digest.© (Heavy metas precipitate 


as sulfidés and oxides). 


(2) Cool, filter using Millipore filter, discard residue. Heat filtrate 
to destroy excess (tity ) 58. 


(3) Cool, filter using Millipore filter. Discard residue. 

(u) Add 16 M HNO, to precipitute the alkaline earth nitrate. (For Ba, 
the first fraction is saved. For Sr, the first fraction, ~10% of the 
total amount of solid, is discarded and the second fraction is saved.) 
Heat to digest. 


Li] 
(5) Cool, filter using Buchner funnel, then wash the crystals with 8 M HNO.. 
Aspirate off as much residual liquid as possible. Discard filtrate. 


(6) Redisnolve the eryatals in de-Jonized H,0 end fractionally recrystallize. 
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t 
(7) Cool, filter using Buchner funnel, discard filtrate. 


(8) Redissolve crystals in de-ionized H 
filter. Discard residue. 


20» then filter using Millipore 


(9) Make filtrate basic with 15 M NHz (the pH must be ~10 for the most 
efficient conversion), then pubbie co, through solution to precipitate 
the carbonate. 

(10) Digest precipitate. 

(11) Check supernatant liquid for completeness of precipitation and repeat 
steps (9) and (10) until precipitation is complete, then discard the 
supernatant liquid. 

(12) Wash precipitate with de-ionized H,O until filtrate is neutral, filtering 
using Buchner funnel. Dry precipitate in vacuum oven. 

The washing, procedure used on the carbonates is essentially the same 

as used in any standard quantitetive analysis procedure, i.e., most of the 

washing of the precipitate is done in the original container before trans- 

ferring it to the filter. Approximately three "gross" washings of the 
carbonate are made with de-ionized H,0: The H,0 is added and the mixture 
stirred; then after the solid has settled, the supernatant liquid is decanted 
off and discarded. As soon as the supernatant from the gross washings is 
neutral, indicating that 41]. of the remaining base has been removed from the 
solid, washing with additional portions of de-ionized H,0 with transfer of 

the carbonate to the filler is -ommenced. Since the efficiency of washing is 

better and filtering is fuster, the solid is retainec in the beaker as long 

as possible. After all the washings are complete the carbonate is aspirated 

on for 15 to 30 minutes to remove as much of the residual H50 as possible. ° 


It has heen found that it is much better to careful.y transfer the 


entice mess, carbvouate and filter paper, to a covered beaker and dry it in 


ee 


the vacuum oven for about 12 hours at 60° - 65°C. Then, the filter paper 
can be casily separated from the solid. Drying of the solid is completed at 
90° - 100°C under vacuum. A soft, fairly powdery product results. This {s a 
much better product tian obtained when the carbonate is dried in a drying 
oven. 

There are three problems cennected vith this prep. in addition to the 
nuisance and danger of vorking vith large quantities of fairly concentrated 
HNO, solutions. One is that Caco, can not be produced by this procedure. 
Secondly, it is hard to judge just hov much Sr(H0,), should be precipitated 
and discarded before collecting the second fraction. Finally, it is 
impossible to remove all of the nitric acid from the eryctals in step (5). 
The solution obtained upon redissolving the crystals is still acidic. Thus, 
the recrystallization of step (6) must be done on a hotplate, rather than 
in the cleaner, more contanination free, atuocphere afforded by a vacuw oven. 
Originally, the nitrate crystels vere rinred vith portions of de-ionized 0 
to try to remove additional amounts of the acid. MNovever, the procedure van 
not effective snd led to lonser of solid due to dissolution, so vas 
diecontinucd. 

There vas sce fear that rore impuriticr vould te introfuced than verv 
being removed by the precipitation fron the mnO, solutione Gue to the larger 
quantities of acid neceseary and the munber of operations necessary. Rovercr, 
there fears proved unfounied. The BeCO, produced ty thie process ir ar pore 
or purer than that produced by the secon’ procedure. 
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Fieally, one of the most nagging problems connected vith our analytical 
work hes teen the lack of a good, accurate method for determining the presence 
of Si ingurity in the satrices vith vhich ve ere vorking. The chemical methods 
evallable necessitate the use of concentrated H,80, » which vill, of course, 
precipitete out the alkaline earths. Thus much of the Si could be lost by 
eo-precipitetion. HNovever, just recently facilities became available at the 
OGY Madiation Center for @cternination of &1 by fast neutron activation. 


Therefore, vork is now in progress on cbtaining Si analyses. 
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Table I Resume” of Salts 


Mall., Electronic grade: Run for comparison only 


2° 
Belc,, B& A, Regt.: Starting material for all batches of Bal, 
BaCO,, 8/21 Small test batches run to test BaC03 prep. 
BaC0,, 9/10 Used TA and Niiz to ppt. sulfides; only 

3° used distilled H20; No Millipore filters. 
BaCO,, #2 lst large scale production batches of BaC03. 

Batch #1 all used to prepare Bad so was 

BaC0,, #3 not analyzed. Used TA and Nil, and only 


used distilled Hj0; No Millipore filters. 

It should be pointed out that the above batches were made without benefit 

of the use of the (Ni, ),8 solution or the Millipore filters. 

Belo, ah: lst batch made using (mit, ) S solution and 
Millipore filters; still used only distilled 
Ho0. 

All of the above batches were made with only the KO, ppt'n and no recrystall- 


ization, i.e., similar to the general acid prep., but without the recrystall- 


ization. 

BaC0,, #5: lst batch made using deionized H20 and 
recrystallization of the nitrate, i.e. 
essentially Ceneral Acid Prep. 

BaC0,, #Al: Batch made using General Acid Prep. 

SrC1,,°61,0, B& A, Ret: Use’ to prepare batches #1, #1", and 
#2 of Srl03. 

Sr(KO,),, B& A, Ket.: Used to prepnre batches fAl and fAl' of 


NOTE: The prime of a batch nwiber indicates that it is a batch prepared fron 


the supsrnetent ov end fraction of the previcus botch. 


(Table 3 continues) 


Ast large prodection betch of BrCO3. Used 
(amt, dos solution and Millipore filters; bet 

Gelonized R20; caly } B sega aan armenia 
Batch #)° prepareé from the sugeraatent of 
the recrystalliszetion. 


ist batch using éeicaiszed ry my two 
veerystallizations of the lo, i.e. 
essentially the sane as Generel Bom-£elé Irep. 


Protuced using Sr(WO,) as startire aatecria) 
and General Acid  RBateh PAL’ pregareé 
from the 2nd fraction of the afitric scid 
ppt’n. 
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IV. CRISVAL Ghowyx 
The GR) erysta) grevih program bas bece Clrected toward the growth of 
Ba from welte, bed, SrO and Cad ty the Veraru!) aetiod in a plasma torch, ont 
ty vagor transport techaiques. This pert of the program required such 
equignent design and Gevelogment os vel) es essemblicg it Into fuactionicg 
eystens. Thie report vil) inclute only brief écecriptions of the present 
apparatus end Lechniques. 


1. Qrovth of a0 from Helte 

The apparatua presently used for thic experinent conciete of a pulling 
sechanian of local design vith ea rotating vater cooled pulling rod. Thies rol 
holds the eced and enters the grovth chanber through en O-ring seal in vater 
cooled top cover of the chamber. The chamber iteelf is a 2 inch dinecter 
quarts tube approximately 18 inches long; the niddle 1? inches are surrounded 
by a Tyrex tube euch that a 1/k inch annulus is formed. Through the ennulus 
vater is circulated froa a tangental inlet at the bottom and an outict et the 
top. The iridiws erucible vhich holds the Ba0 ir supported by a craphite rod. 
The graphite rod ic carricd by an aluuinwm rod through an O-ring cen] in the 
bottom cover. The graphite rod is insulated fron the alucinia by a Vycor tulbc. 
At the upper end the graphite rod is screved into a larger graphite rod. The 
Jarger rod can be machined to fit the crucible or rhaped to provide various 
coupling configurations to the R.F. induction coi) used to heat the sample. 
The Induction cof) fs approximately 5 turns of flattened 1/h inch copper 


tubing covpled to a ? Lepe] DY-20T generator through n 6:2 transforner. The 
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SHIFT be egeveted in the Eiletrris range. 

The grevth chanter «am be elther evarusied or lashed vith ergen 
or belfun. Al) meta) surfaces esgesed to the grevth chanber ere aluniam 
er acac) ani ere vater cooled. Veen required the fesite of the grovth 
chanter can be coated with o reflecting oulde (%—O for example) to cut heet 
Jesses. All eurfacce in the grovth chamber are het below 100°C except 
the eructble and the graphite support on viich the erucible rests. Al) 
eraphite is baked at Lonperatures vel) above the 1950-2000°C region uced for 
a0 grovth experinents. 

In operation the Kad ie placed in the iridium erucible and heated 
belov red heat for severa) houra under vacuun to renore absorbed gases. 
On occasion the Paco, ies dircetly decomposed in the iridium crucible under 
vacuus. The chamber is then filled vith helium and a slight flov of heliusa 
out a emnll exhount part in the botton cover in maintained. The crucible 
fa then quickly heated to above 1100°C. The purpore of thin operation is 
to rexove an much edeorped oxygen from the Bad ar ponsibie at texperaturen 
belov red heat vhere iridiue oxide forms. Then to ect the temperature above 
100°C, where the free energy of formation of iridium oxide becomes possible, 
as quickly eas porsible. his techufque vorks rearonably vell so long os 
the Ba9 js free of Ba(Oli),. The Ka(OH),, melts around 1250°C and rapidly 
attecks the iridium crucible. A similar technique can be used to decompose 
aco, directly in the grovth chamber. Care must be taken to completely 
@ecompore the carbonate before getting the temperature above 1450°C at vhich 


the carbonnt«s melts beeause it attecks the firidfum vhen eoalten. 
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The graghite crucible mwet be dealguet such Ubet ft grerides Ue 
mececsary awalliary cowplicg Wet does sel cone iste coetart vith the hud. 
Beer the welticg point BaD reacts vith the graghite Lo fern Pariun Cartite 
Which is quite volatile. The controlled etnosghere ect caly provides 6 
Clean enviroement for the BaO but also provides o etreem Of gan Lo renore 
a0 varors fron the immediate grovth region. 30 would be tetter to wre o 
ens vith a lover thernal conductivity then heliun, But the high tengeratere 
and eleetrie field tend to cause ionization of gases such os argon. This 
leads to a catastrophic are and the retullding of the erovth chanter. 

The present probdlems vith the system Involve reducing the heat lose 
and increasing the Ri’ coupling to the crucible. The system vill reach 
1950°C at the crucible val) tut the heat transfer Into the m0 charge ic 
very inefficient and a reit forme on the crucible val] vnich is vet ty 
molten Bad. This caures the molten portion to pull avay fron the rajor 
mise of BaO. The protic: +11 be solved if ve enn Inerense the coupling or 
Gecreane hest lonsen. light chonges In the coupling cof] ami the erucibic 
holder are being made. fim rititionnl ehnnge that may inprove the tenporature 
vill be to une argon helius sixyiucres as Che Mushing ener. 

Samplen taken from the ¥rl) of the container slew the melt contains 
iridiua. This appesrance cugresis that this is the forn of emal) free rein! 
perticles. Whether these particles vill be incorjyorated In pulled erystals 
w511 depend on the egitntion of the melt enused by the induction feld. 

Tne quantity of the Iridius particles forned tppoars to depent on the smount 


of 0: or 0, re tning fn the End powder at te isos fbhove red heat. 
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The present clencnt is 40 ni) Mo vire vound on a pure A1,0, core 
1 3/& inch in diameter and each section is 7 inches long. This clement vill 
operate up to 1700°C. ‘The vapor pressure data available suggest that this 
is @ reasonable temperature range for material transport of a uscabdle rate 
for Bed, SrO and possibly CaO. Hovever, the uncertainty of the highest 
temperature required for vapor phase grovth forced us to design furnace 
eases that could also use heavy, free-standing elements. The cases arc 
@esigned for use up to about 2200°C. They are vater-cooled, vacuun-tight 
Al cases. To chunge to free standing clements vill only require relatively 
minor changes in the installation. The elements are mounted such that 
it can freely expand. Accens to the growth chamber ic through quartz 
windovr on the end of the furnace. 

The control nystem is of a master-slave design. Master Control 
fo by a Barber-—Coleszan 541B at the center zone. It slaves Barbver-Coleman 
359 differential drive 620 SCR pover controllers which couple through 
variable transformers to the furnace clenents. The variable trannforrcrs 
allow coneiderable freedom in element design. 

Tvo three rvone syntems have been constructed. They were compicted 
at the end of this contract period duc to delays in construction of the 
furnnece enses. Initial vapor phase experiments are underway in one. The 
other wi}1 be used for chemical trensport grovth studies on the systen 


CeO in NC). 
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4. Crystal Improvement 

The apparatus for annealing CaO, SrO and BaO is available and 
operational. It consists of e Brew 466 Tungsten Vacuua furnace vith 
programable controls. The containers for packing ery:'als in pure povder 
of the same oxides have not been constructed as ve have as yet to get 
suitable crystals for annealing,and their assexbly is simple. All other 


equipment for cutting and polishing is available. 


VY. PHYSICAL CMAKACTERIZATION 

The mai: .ty of equipment that will be used to survey the physical 
properties o. these crystals vas already available at Oregon ftate University. 
We have facilities for optical absorption studies fror 33 vave numbers to 
1650 Angstroms (Perkin Fleer Mode] 450, Beckman IR-7 and IR-11), for 
fluorescence excitation nn) omsasion (Perkin-Elmer Mote) 450 epectroflvor- 
escence ettuchzent), for Ischt neattering (Mochesfetry, Dr. I. Isenberg), 
for electron and opticc! picroscopy, and for Yersy diffraction (G.h. XMK$). 

A facility for fone ccsductivity in the texperature range neceseery 
for CaO, Bad, and fire ' ed under this eront. This eyater 
cupplencnte equipment u ' “ for D.C. conductivity of Snavlating 
crystals and the dats output cf the new apparetur is competeble vith 
existing equiyercnt. Necnune ef ~he length of Lire required to nensurc 
conductivity verses lenpersture vhen the tesperature range is Jargee (epprore 
frately 300 to 2600°C) nnd at Jeast dupliente rune rurt be made sequentially 


RC type of : tfon $2 requircé. The syert trucsed fr e.c. to 
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evoid electrode problems. The conductance and capacitance are ncasured 

by @ Genera) Radio Mode) 1660 bridge. The temperature is measured by 6 
thermocouple and ite outgut converted to a frequency ty a Revlett-Peckard 
woltage to frequency convertcr Model 2712A. This frequency is counted by 
@ Monecanto preset counter. The preset feat~e allovs the voltage to be 
converted from frequency to temperature. Of co. ‘se, the temperature 
presented in this device must be later converted to an accurate temperature 
with higher erder corrections, but the rough correspondence makes for easy 
eet up vith fever errors.The outjate of the devices are fed into an Interface 
of loca) construction vhich sequences mensuresente and shifte all outjut 
levels to be compatnble vith a Monranto printer Kodel 511. The synter will 
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cerricd on by the two principal investigators, J. C. Ke sp ot the University of 
Oregon, and W. J. Fredericks at Oregon State University. The two efforts 
divided into chemistry and crystal growth (Fredericks); and trace-inpurity and 
sinilar studier (Newp). This section of the Keport covers the latter vork. 

Our aims vere to carry on ESP. (electron spin resonance) and optical 
sbsorption analyses of starting powders and crystals produced in Fredericks’ 
Vaboratory; to develop new, highly specific nethods for detecting the important 
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